Purpose Previous reviews of randomised controlled trials (RCTs) for low-back pain (LBP) have failed to identify any positive trend in study quality with more recent years of publication. This study aimed to identify and describe trends over time in the study design characteristics and risk of bias in chronic LBP trials performed over the past 30 years. Methods One fifty-seven randomised trials of interventions for chronic LBP were extracted from recently published systematic reviews. The reviews included RCTs on physical and rehabilitation interventions, injection therapy and denervation procedures, complementary and alternative therapies and pharmacological interventions for chronic LBP. Study level data were extracted and analysed for trends associated with year of publication.
Introduction
Low-back pain (LBP) is one of the most prevalent musculoskeletal conditions placing an enormous burden on societies and healthcare systems around the world [1] . Chronic LBP (which is the pain lasting for longer than 3 months) is responsible for a disproportionate amount of the economic and occupational costs of LBP. Moreover, its prevalence appears to be increasing [2] . In order to manage the increasing burden of chronic LBP, clinical guidelines have been developed to provide evidence-based recommendations to guide practice [3] . These guidelines synthesise the available evidence around management strategies for chronic LBP, but there remains uncertainty regarding the most effective form of therapy. This continuing uncertainty is often considered to be due to methodological shortcomings or a lack of adequate reporting in randomised controlled trials (RCTs) which evaluate interventions for LBP [4] .
The number of RCTs and systematic reviews on interventions for LBP has increased steadily over the past decades [5] ; however, the quantity of studies alone is not sufficient for a valid evaluation of the efficacy of the therapeutic interventions. In recent years, several initiatives have been taken by the scientific community to improve the reporting of RCTs and to raise awareness of potential sources of bias within the RCTs. The impact of scientific journals adopting standards of reporting, such as the CONSORT statement [6, 7] has been reported as a positive improvement towards the reduction of the risks of bias [8] . The Cochrane Back Review Group (CBRG) provides method guidelines for conducting systematic reviews in the field of LBP which recommend a criteria list to evaluate the risks of bias within a RCT [9, 10] . Using a similar criteria list, Koes et al. [5, 11] reported that while highquality RCTs are available on conservative interventions for LBP, they did not observe any trend toward higher methodological quality with more recent years of publication. In light of the increasing number of RCTs on interventions for chronic LBP and these continuing initiatives to improve the quality of clinical research in general, it could be expected that the methodological quality of RCTs in the field of chronic LBP may have improved during the recent years.
The objective of this study is to identify and describe trends over time in the study design characteristics and risk of bias in more than 150 RCTs of interventions for chronic LBP performed over the past 30 years.
Materials and methods
Four systematic reviews, commissioned by the Dutch Health Care Insurance Council (CVZ), were performed to evaluate current evidence for physical and rehabilitation interventions [12] , complementary and alternative therapies [13] , pharmacological interventions [14] , and injection and denervation procedures [15] in patients with chronic LBP. The current study is based on the trials that were included in this series of systematic reviews. The reviews included only RCTs which evaluated therapeutic interventions in adult subjects (aged 18 years or older) with chronic ([12 weeks duration) non-specific LBP. All of the reviews followed similar methodology which was based on the recommendations of the CBRG [10] and which is described in more detail in the published reviews. Literature searching was performed on electronic databases such as MEDLINE and EMBASE, as well as by identifying eligible RCTs from previous systematic reviews within the Cochrane Library. The risk of bias in all eligible trials was assessed independently by two authors using an 11 item criteria list [9] with disagreements resolved by discussion or consultation with a third author.
Descriptive trial characteristics, including the year of publication, sample size and interventions evaluated, were extracted from all the eligible RCTs and entered into a database for analysis. The overall risk of bias score, as well as the score per individual validity criterion, was extracted from the systematic reviews. For the purpose of analysis, the RCTs were grouped into ten time epochs with a similar number of trials in each. This allowed the identification of criteria that are poorly fulfilled and detection of changes in risk of bias (overall and per criterion) in the RCTs over time.
Results
From the four systematic reviews, the full-text versions of 157 eligible RCTs were collected and their study characteristics were extracted. The largest number of trials came from the review of physical and rehabilitation interventions (n = 83) [12] , followed by complementary and alternative therapies (n = 30) [13] , injection and denervation procedures (n = 27) [15] , and pharmacological interventions (n = 17) [14] . The earliest year of publication for an included trial was 1980, with an increase in the number of RCTs per year until 2008, which is the last date that literature was searched. The systematic review on complementary and alternative therapies [13] excluded five trials from the meta-analysis because of methodological ''fatal flaws''. As these flaws question the veracity of the results of these trials, the risk of bias scores were not included in the current analysis.
The included RCTs were performed mostly in the USA (26%), the UK (14%), Germany (10%), the Netherlands (9%) and Australia (7%). Most of the RCTs (68%) compared two groups (i.e. intervention vs. control; intervention 1 vs. intervention 2), 24% compared three groups, and less than 8% evaluated four or five groups. Overall, there were 383 intervention or control groups evaluated in the 157 RCTs (Fig. 1 ). Exercise therapy (n = 59) and placebo/ sham (n = 55) groups were the most common, followed by behavioural therapy (n = 42), acupuncture (n = 31), injection therapy (n = 27), and a no treatment or waiting list control group (n = 27). Some interventions, such as mechanical traction and therapeutic ultrasound, were evaluated in only one intervention group of an RCT.
The mean sample size in the RCTs was 141, with a range from 17 to 3,093 and a median of 70 participants (Table 1) . There were only two trials which recruited more than 1,000 participants, both of which evaluated acupuncture and were conducted in Germany [16, 17] . Because of their size (n = 3,093; n = 1,162) the studies were considered outliers and when excluded from the analyses, the mean sample size decreased to 115 participants (range 17-719). The trend since 1980 of the mean sample size per RCT and per intervention or control group, minus the outlier, is shown in Fig. 2 .
There was a slight increase in the mean number of risk of bias criteria fulfilled from trials published prior to 1995 to those published after 1996 ( Table 1) . The median (range) number of criteria met increased from 3 (1-7) in 1980-1989 to 6 (2-11) in 1996-1999. The proportion of trials with a high risk of bias (defined as fulfilling \6 of the 11 items) was inconsistent over time and overall, 51% of the included 157 RCTs were defined as having a high risk of bias. The proportion of RCTs addressing some of the individual risk of bias criteria did appear to increase over time, notably the reporting of adequate randomisation sequence. The trend over time in the proportion of RCTs fulfilling each criterion is presented in Fig. 3 . Overall, the risk of bias criteria that were poorly met were blinding of the care provider (22%), blinding of patients (42%), or blinding of outcome assessors (43%), ensuring co-interventions are comparable between groups or avoided (30%), reporting of compliance (37%), concealment of treatment allocation (38%), and performing an ''intention-to-treat'' analysis (42%).
When the results for the three risk of bias items about blinding (patient, care provider, outcome assessor) were stratified into medical (i.e. pharmacological or injection therapy) and non-medical interventions (i.e. physical, rehabilitation, or complementary therapy), a larger discrepancy in the proportion of RCTs fulfilling these items was observed. The trend showed that in more recent years RCTs of medical interventions were more likely to be successfully blinded than RCTs of non-medical interventions (Fig. 4) .
Discussion
This study evaluated the study design characteristics and risks of bias in RCTs of interventions for chronic LBP over the past 30 years. It is difficult to observe any obvious trends towards improved methodology or reporting in these trials. Despite the increasing awareness of the need for large, high-quality studies, most RCTs of interventions for chronic LBP appear to be continuing with small sample sizes evaluating complex treatments such as exercise therapy or behavioural therapy. The 157 RCTs included in this evaluation recruited a median sample size of 70 participants, or 34 per treatment group. In practice, the statistical power afforded by this sample size would be lowered further if losses to follow-up are considered. The relatively small sample sizes observed highlights the concern that many chronic LBP trials have a high likelihood of Type II error, resulting from inadequate power to detect small but clinically relevant differences [5, 11, 18] . The sample size of an individual trial becomes less of an issue when several RCTs are pooled in a metaanalysis; however, this requires sufficient homogeneity among the interventions being evaluated as well as adequate reporting of outcomes. There was, however, a small [18] . While there was an exponential increase in the number of RCTs published per year over the last decades, the number of risk of bias criteria fulfilled appeared to increase only slightly over time. The results of this study show that the available RCTs vary greatly in risk of bias and, therefore, in their ability to provide valid and interpretable results. Apart from generating an adequate randomisation sequence, the proportion of studies fulfilling most risk of bias criteria remained steady over time. There is empirical evidence that reports of RCTs for LBP interventions consistently report smaller effect sizes if they fulfil most (i.e. [5 from 11) of the individual risk of bias criteria recommended by the CBRG. A recent study found that trials with a higher risk of bias reported effect sizes that were, on average, 50% greater than estimates reported from trials with a lower risk of bias [19] . Further research should explore at which point the risk of bias renders the results of a study implausible, as this may justify exclusion from systematic reviews or meta-analyses. One potential limitation of the current study was that we used the risk of bias assessment which was performed by different review authors in each of the four original systematic reviews. The interpretation of risk of bias and the scoring of these items can vary across reviewers, however, all review authors were experienced in performing the risk of bias assessment as per the criteria recommended by the Cochrane Back Review Group.
In contrast to the results of this study, Maher et al. [20] reported that the methodological quality of physical therapy RCTs in the PEDro database (http://www.pedro.org.au) has improved over time. In this database an extensive number of studies (n = 1,037) dealing with lumbar spine, sacroiliac joint, or pelvic treatment is available. Although the evaluation of physical therapy RCTs included many more trials than the current review, these differences may have arisen from inherent risks of bias within the chronic LBP trials. The difficulty in blinding patients and care providers to common non-medical interventions for chronic LBP, such as exercise, spinal manipulation, or behavioural therapy can be seen as one of these risks. The lack of a credible placebo for these interventions hampers the ability of many RCTs to fulfil the risk of bias criteria on blinding, especially for the patient and care provider. One potential way to overcome this issue would be to modify the operationalisation of the risk of bias items relating to blinding. Because of the lack of strong evidence supporting one intervention over another for chronic LBP, evaluating the treatment credibility or patient expectations and treatment preferences may provide a proxy measure for blinding in these cases. Further research on this issue is warranted to provide a clearer understanding of the methodological features which contribute to the risk of bias within a RCT for chronic LBP. In addition, exploring the reasons for differences in risk of bias between trials of different interventions (such as between medical and nonmedical interventions) could contribute to explaining the large variability seen. Nevertheless, authors of chronic LBP trials should be reminded of the need to report patient compliance with the intervention being studied, the presence of co-interventions affecting participants during the study period, and the need to perform analyses using intention-to-treat principles.
One of the systematic reviews [13] excluded five studies from the meta-analysis because of ''fatal flaws''. These ''fatal flaws'' are often considered to be characteristics of randomised controlled trials which question the veracity of the results and thus warrant ignoring the trial in decision making. Our objective was to assess trends in the risk of bias items and study methodology among trials which contribute to estimates of efficacy and decision making. Therefore, we did not include these studies in the current analysis. Further studies are needed to establish what defines a ''fatal flaw'' and how they can be prevented in randomised trials.
In summary, over the past 30 years, the number of RCTs for chronic LBP has increased exponentially. However, there does not appear to be a corresponding increase in sample size nor a decrease in the risk of bias. The continuing uncertainty regarding the efficacy of many interventions for chronic LBP again stresses the need for large, high quality RCTs. In addition, further research is needed into specific risks of bias within the RCTs for chronic LBP and the effect they have on the plausibility of the results.
